This study was aimed to investigate the association of restriction fragment length polymorphisms (RFLPs) for pepsinogen genes with peptic ulcer disease. Eighty unrelated controls, 61 patients with gastric ulcer, and 57 patients with duodenal ulcer were studied. No genetic polymorphisms for pepsinogen-A were detected by EcoRI digestion in Japanese subjects but a 100 base pairs insertion-deletion RFLP for the pepsinogen C gene was observed.
patients with duodenal ulcer. The allele frequency of the smali fragment was significantly higher in patients with gastric body ulcer than in controls and in patients with gastric angular or antral ulcer. The genotypes which possessed the smali fragment were significantly more frequent in patients with gastric body ulcer (78 4%) than in controls (33 8% ) and in patients with gastric angular or antral ulcer (37-5%). These results suggest that there is a significant association between the genetic polymorphism at the pepsinogen C gene locus and gastric body ulcer, and that the pepsinogen C RFLP is a useful marker of the genetic predisposition to this disorder. These results also indicate genetic heterogeneity of gastric ulcer disease, and suggest that the pepsinogen C RFLP may be a useful subclinical marker to explain the differences in genetic aetiologies of gastric body ulcer and gastric angular or antral ulcer.
(Gut 1993; 34: 450-455)
The basis for supposing that there are hereditary factors in the aetiology of peptic ulcer disease is provided by studies showing aggregation of peptic ulcers in the families of affected individuals to a greater extent than that found in the general population.'-3 More important information about the influence of hereditary factors in ulcer disease has been derived from studies of twins. It has been reported that the concordance rate for peptic ulcer in monozygotic twins is greater than in dizygotic twins. Since the concordance was less than 100%, the values could also be interpreted as indicating interactions between genetic predisposition and environmental factors.4 A number ofinherited characteristics, such as blood groups and HLA antigens, have been studied to determine the degree of association with peptic ulceration.5 In this connection, it is assumed that a sufficiently positive association between peptic ulceration and the allele of a defined genetic locus indicates that the genetic trait plays a part in the pathogenesis of the ulceration.
Efforts to understand the gentics of common chronic diseases such as hypertension, diabetes mellitus, and hypercholesterolaemia have focussed on the identification of DNA markers.'0-"2 Restriction fragment length polymorphisms (RFLPs) can be very powerful tools in these studies. RFLPs can act as markers of differences between individuals at the gene level. Analysing RFLPs may identify alleles at a particular genetic locus that are associated with a clinical phenotype.
Human pepsinogen, the inactive precursor of pepsin, comprises two biochemically and immunologically distinct groups of isozymogens: namely, pepsinogen A (PGA) (previous nomenclature: PGI) and pepsinogen C (PGC) (previous nomenclature: PGII).'3-16 PGA is the precursor of pepsin A. PGC, also known as progastricsin, is the precursor of pepsin C or gastricsin. These two types of zymogens differ in their topological distribution within the stomach. PGA is localised mainly in the fundus, whereas PGC is distributed throughout the stomach and proximal duodenum. ' Japan).3" The limits of the detection were 0p 1 ng/ ml for PGA and 0-63 ng/ml for PGC. The intraassay coefficients of variation were 5 0% (n=5) for PGA and 3-5% (n=5) for PGC. The interassay coefficients of variation were 8-0% (n=5) for PGA and 6 5% (n=5) for PGC. r to the manutacture's instructions, and STATISTICAL ANALYSIS to electrophoretic separation in The significance of the association between els. Genomic DNA was denatured and peptic ulcer and pepsinogen RFLPs for the 3-6 kb fragment (3-6/3-6), 23 were heterozygous -that is, they possessed both the 3-6 kb and the 3-5 kb fragment; 3-6/3-5 kb) -and four were homozygous for the 3-5 kb fragment (3-5/3-5) (Table I) . Hence, the estimated allele frequencies for the large and the small fragments were 80-6% and 19-4%, respectively, and were not significantly different from those in white populations (82-5% and 17-5% respectively).23
PGC RFLP IN PATIENTS WITH GASTRIC ULCER
Of 61 patients with gastric ulcer, 23 were homozygous for the large fragment (3-6/3-6), 32 were heterozygous for the RFLP (3-6/3-5), and six were homozygous for the small fragment (3 5/ 3-5). The allele frequencies of the large and the small fragments were 63-9% and 36-1%, respectively (Table I ). The increased frequency of the small fragment in the patients with gastric ulcer Serum PGA values were significantly higher in patients with duodenal ulcer than in controls and in patients with gastric ulcer. Serum PGC values were significantly higher in patients with gastric ulcer and in patients with duodenal ulcer than in controls. The PGA/PGC ratio was significantly lower in patients with gastric ulcer than in controls and in patients with duodenal ulcer (Table III) .
Serum PGA and PGC values and the PGA/ PGC ratio were analysed according to the (15) , and HLA B5 (2.9).6 25 32 These results suggest that the PGC RFLP is a useful subclinical marker of the genetic predisposition to gastric body ulcer. In addition, our data indicate genetic heterogeneity of gastric ulcer disease. The allele frequency of the small fragment of the PGC RFLP was significantly higher in patients with gastric body ulcer than in patients with gastric angular or antral ulcer. The concept of genetic heterogeneity implies that a particular clinical disorder is a group of distinct diseases with different aetiologies, both genetic and non-genetic. Some degree of heterogeneity has already been shown in peptic ulcer disease. Doll and Kellock showed the independent segregation of gastric and duodenal ulcers. They also concluded that genetic factors alone, without environmental interactions, could account for this segregation.33 Other subgroups have been defined by identifying pathophysiological disturbances, such as gastric hypersecretion, increased rate of gastric emptying, or increased gastrin release, and combining these abnormalities with genetic markers.3-36 These findings speculate that there are the differences in the genetic aetiology between gastric body ulcer and gastric angular or antral ulcer, and suggest that the PGC RFLP may be a useful subclinical marker to separate the genetic differences.
The meaning of the association is not clear in this study, however, several hypotheses can be proposed. One is that the PGC gene itself is one of the genes responsible for gastric body ulcer. Previous studies of the PGC genomic clone suggested that the RFLP involves a 100 bp insertion or deletion of intron sequence located between exons 7 and 8.22 It might be possible that this rearrangement of the gene reflects differences in gastric mucosal structure and function between patients with gastric body ulcer and patients with gastric angular or antral ulcer and patients with duodenal ulcer. To analyse the meaning of the association, serum PGA and PGC values and the PGA/PGC ratio were examined in the present study. There were no significant differences in serum PGA and PGC values and in the PGA/PGC ratio among the genotypes of the PGC RFLP but serum PGA and PGC values were significantly higher in patients with duodenal ulcer and in patients with gastric angular or antral ulcer than in controls. In contrast, serum PGC values were significantly higher and the PGA/PGC ratio was significantly lower in patients with gastric body ulcer than in controls, in patients with duodenal ulcer, and in patients with gastric angular or antral ulcer. These results agree with previous reports. RFLP for PGC has been identified both in white people and in Japanese. The frequencies of the RFLP alleles were near identical between the two groups. 45 The racial difference of the association between genetic polymorphisms of PGC and gastric body ulcer remains unclear in this study. The incidence of gastric ulcer is higher than that of duodenal ulcer in Japan. In our previous study, the ratio of gastric to duodenal ulcers was 1-69 in Kinki district where Kyoto Prefecture is located.46 In contrast, duodenal ulcer is more common than gastric ulcer in most western countries. Bonnevie reported that the incidence rate of duodenal ulcer was four times higher than that of gastric ulcer in Copenhagen County. 47 with gastric body ulcer. 
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